Background: It is controversial whether regular changes of external ventricular drains can reduce cerebrospinal fluid (CSF) infection. Objective: To carry out a randomised controlled clinical trial over a two year period to determine whether a regular change of ventricular catheter every five days could reduce CSF infection and improve outcome. Methods: 103 patients requiring external ventricular drains for more than five days and with no evidence of concurrent CSF infection were studied. The patients were randomised to regular change of ventricular catheter (every five days) and no change unless clinically indicated. Results: The CSF infection rates were 7.8% for the catheter change group and 3.8% for the no change group, respectively (rate ratio = 1.80, 95% confidence interval 0.33 to 9.81, p = 0.50). No significant difference was found in intensive care unit stay, ward stay, or clinical outcome between the two groups. Conclusions: Regular changes of ventricular catheter at five day intervals did not reduce the risk of CSF infection. A single external ventricular drain can be employed for as long as clinically indicated.
xternal ventricular drains are used for intracranial pressure monitoring and temporary cerebrospinal fluid (CSF) drainage, the major complication of their use being CSF infection. The incidence of ventriculostomy related CSF infection has been quoted in previous reports as being between 2.2% and 10.4%. [1] [2] [3] [4] [5] [6] [7] To reduce catheter associated CSF infection, Mayhall et al, [8] following a prospective epidemiological study, recommended the removal and reinsertion of the catheter at an alternative site if external ventricular drainage was to be continued for more than five days. However, results from a more recent randomised controlled trial conducted by Cobb et al suggested that the routine replacement of central vascular catheters every three days does not prevent infection, [9] while subsequent retrospective analyses of intracranial pressure monitors 2 3 5 7 10 11 have been inconsistent with respect to infection rates. Thus recommendations about routine changing of ventricular catheters remain controversial. To investigate whether regular changes of external ventricular drainage catheters can decrease the CSF infection rate and improve outcome, we conducted a randomised trial comparing two patient groups, one with regular changes of catheter and the other with no change unless clinically indicated.
METHODS

Study population
The study was carried out in two large 1400 bed regional hospitals in Hong Kong. From November 1998 to November 2000, all patients with an external ventricular drain in situ for more than five days were eligible to participate in the study. Patients with known meningitis and uncorrectable coagulopathy were excluded. Informed consent was obtained from patients or their relatives, and the study was approved by the ethics committees of both hospitals.
From our internal audit of CSF infection in the period 1995-1998, the CSF infection rate in patients with a ventricular catheter remaining unchanged for longer than five days was 30%, while in patients with catheter changes at five day intervals it was 8%. Using these historical data to prove our hypothesis that "change of ventricular catheter at five day intervals reduces CSF infection" required a sample size of 49 or a 2N of 98 (p 1 = 0.3, p 2 = 0.08, α = 0.05, power = 0.8). 12 
Randomisation
Patients were randomised into two groups. Group 1 had routine changes of external ventricular drainage catheters every five days during the period for which the use of such drainage was considered clinically necessary. Group 2 had no change of catheters unless clinically indicated because of blockage, the drain remaining in situ and undisturbed throughout its period of use. Randomised group numbers were kept in sealed envelopes and were opened on day 5 for each patient requiring an external ventricular drainage catheter in situ for more than five days.
Catheter change
The procedure was usually carried out by a neurosurgical resident. The old catheter was removed using aseptic technique. CSF from the catheter was saved for culture and sensitivities.
To prepare for the new insertion on the opposite side, the scalp was cleaned with alcoholic hibitane and aqueous hibitane and then draped. A 3 cm incision was made anterior to the coronal suture in the mid-pupillary line. A burr hole was made using a craniotomy burr or Hudson's brace. After opening the dura, the ventricular catheter (EDSII, Codman) was inserted, aiming at the foramen of Monro. Its position was confirmed by egress of CSF. The catheter was then tunnelled for around 4 cm. The galea was closed with 2/0 Vicryl and the skin with 3/0 Ethilon. The catheter was anchored with 3/0 Ethilon.
All patients were given prophylactic antibiotic cover with sulbactam/ampicillin (Unasyn) and ceftriaxone (Rocephin) throughout the period of catheter drainage.
Clinical data
Following randomisation, a research nurse began gathering data. Information collected included age, sex, race, date of admission, diagnosis, underlying disease, all surgical operations, clinical infection, intensive care unit stay, hospital stay, and clinical outcome (using the Glasgow outcome scale). A record was kept of the radiology, microbiology, and blood test results.
Microbiology
All microbiology specimens were processed in the hospital laboratories. Routine cell counts, differential counts, and Gram stains were done on all specimens. The CSF specimens were cultured in blood agar, chocolate agar, and BHI+10% serum broth. MacConkey agar culture was also used if the Gram stain revealed Gram negative rods. CSF was collected by aseptic technique from the drainage catheter every five days or when indicated clinically in both patient groups. If the catheter had already been removed and CSF collection was clinically warranted, a lumbar puncture was done.
The definition of CSF infection was adapted from the Centre for Disease Control guidelines. At least one of the following criteria must be met: (1) the presence of an organism isolated from CSF culture; (2) the presence of fever (> 38°C) in the absence of other recognised causes, with institution of appropriate antimicrobial treatment and any of the following: increased white cell count (> 50% polymorphonuclear leucocytes), increased protein, and/or decreased glucose (< 15 g/dl) in CSF, or organisms visible on CSF Gram stain. All CSF infection within the first three months after ventricular catheter insertion was considered to be catheter related.
Statistical analysis
The frequency of categorical variables was assessed using a χ 2 test or Fisher's exact test. Mean values of quantitative variables were compared with an unpaired t test or the MannWhitney U test. The association between use of external ventricular drainage and infection rates was expressed as a rate ratio. Confidence intervals and probability (p) values were calculated from a Poisson regression analysis. All statistical analyses were done using SAS for Windows version 8.02 (SAS institute Inc, Cary, North Carolina, USA), with the exception of power analysis and trial design, for which PASS 2000 and NCSS 2000 were used.
RESULTS
Patient characteristics
In all, 103 eligible patients were included in the study: 51 were randomised to group 1 (change group) and 52 to group 2 (no change group). One patient was wrongly randomised to group 1 and was excluded. Age, sex, disease category, mean duration of external ventricular drainage needed, and other cranial operations performed are listed in table 1. No significant differences in these data were present between the two groups, though there was a trend for patients in group 1 to be somewhat older than those in group 2 (p = 0.051). The number of catheters used in both groups was also charted. The mean number of catheters used in the change group was 2.8 per patient. Only one catheter needed to be changed in the no change group, because of blockage.
CSF infection
Four patients in group 1 (change group) and two patients in group 2 (no change group) had CSF infection (table 2) . In group 1, the pathogens were coagulase negative staphylococci in two patients and methicillin resistant staphylococci in the other two. In group 2, the pathogens were acinetobacter in both patients. All the bacteria are common in the skin flora of patients in intensive care units.
All infections occurred after day 10-that is, after the second ventricular catheter insertion in the change group. On further review of the profile of the patients with staphylococcal CSF infection, all were stroke patients and only one had had an additional craniotomy. For reference, the days of positive culture in the change group were D17 (at the third catheter), D21 (at the forth catheter), D24 (at the fifth catheter), and D54 (after six catheters, CSF obtained by lumbar puncture); the days of positive culture in the no change group were D11 and D31.
The higher proportion of CSF infection detected in group 1 (7.8%) than in group 2 (3.8%) was not statistically significant (rate ratio = 1.8, 95% confidence interval 0.33 to 9.81, p = 0.50).
Outcome
There were no significant differences in intensive care unit stay or ward stay between the two groups (p = 0.56 and p = 0.52, respectively) (table 3). Forty two patients in group 1 (82%) and 38 (73%) in group 2 had an unfavourable outcome at three months according to the Glasgow outcome scale. This difference was not significant (p = 0.42). All patients with CSF infection except one had an unfavourable outcome (four deaths and one severe disability).
DISCUSSION
Mayhall's recommendation [8] that ventricular catheters should be changed regularly to reduce CSF infection has been challenged by various investigators. In 1993, Winfield et al noted that the CSF infection incidence before day 5 was similar to after day 5 up to the second week. 7 Using data obtained from the traumatic coma databank and the Medical College of Virginia neurocore databank, Holloway et al reviewed the incidence of ventriculitis in 584 patients with severe head injury. 2 They found non-linear relations between the duration of ventricular catheter placement and ventriculitis. The risk of infection increased during the first 10 days, but after that, infection became unlikely. The infection rate in patients whose catheters were replaced in less than five days was not lower than in patients whose catheters were exchanged at intervals longer than five days. These investigators found no support for the routine exchange of catheters when intracranial pressure monitoring was required for more than five days. The weakness of their recommendation, as in most series, lay in the retrospective and observational nature of the studies.
The randomised study described here shows that routinely changing the ventricular catheter does not reduce the incidence of CSF infection. This finding is in line with the hypothesis that CSF infection is the result of contamination during the procedure of catheter placement; indeed, our data suggest that there may be a small increase in the risk of infection with a policy of routine catheter change (7.8% versus 3.8%). Using the data of the current study for sample size calculation, it can be shown that a definitive study proving that catheter change does harm to the patient would require 1325 subjects (2N). This is unlikely to be ethically justifiable or necessary. The practice of regular changes of ventricular catheter as suggested by Mayhall 8 should no longer be recommended because of the lack of clinical benefit. We recommend first, that the catheter should be inserted under aseptic technique and should be kept in situ unless a change is clinically indicated (for example, if there is evidence of CSF infection or catheter malfunction); and second, that the catheter should be removed as soon as it is no longer clinically indicated.
The catheter related CSF infection rates of 3.8% and 7.8% for the no change group and change group, respectively, in our study are within recently reported ranges. [1] [2] [3] [4] [5] [6] [7] In fact, our no change group had a lower rate than in most contemporary series. Four of the pathogens were staphylococci and two were acinetobacter. The spectrum of pathogens was similar to that in other series. 1 4 7 8 13 14 The outcome of these catheter associated CSF infections was mostly poor.
Prophylactic antibiotic cover was used during the period of catheter placement, based on the results of a randomised controlled trial in our unit, 4 which showed the greater efficacy of prophylactic antibiotic treatment over periprocedural antibiotics in reducing CSF infection in neurosurgical patients. A subsequent retrospective analysis by Alleyne et al and Rebuck et al has questioned the effect of prophylactic antibiotics 1 5 but the weakness of those studies lay in the choice of antibiotics and the retrospective observational nature of the analysis. Further antibiotic studies are warranted to ascertain, in a modern setting, whether the benefits of prophylactic antibiotic treatment outweigh the risks of opportunistic infection.
Conclusions
Routinely changing exernal ventricular drainage catheters at five day intervals did not reduce the risk of CSF infection and did not improve the clinical outcome. A single ventricular catheter can be used for as long as clinically indicated unless a change is necessary because of CSF infection or catheter malfunction.
